An 8-year and 6-month-old female Maltese dog showed a stoop with rigidity of her cervix and back. Neurologic examination showed loss of proprioception, and deficiency of pain response. Postmortem examination revealed the neoplastic mass replacing the central area in the cervical spinal cord at the level from 4th to 5th segments. Histologically, the mass was composed of neoplastic ependymal cells. The neoplastic cells showed marked atypism, and occasionally formed ependymal rosettes. Based on the morphologic features, the tumor was diagnosed as anaplastic ependymoma. Immunohistochemistry showed that the neoplastic cells were negative for glial fibrillary acid protein, and slightly positive for vimentin and cytokeratin. KEY WORDS: anaplastic ependymoma, canine, spinal cord.
Ependymoma is a rare neoplasm in the central nervous system (CNS), and has been reported in dogs, cats, cattle, horses and some rodents [8, 12] . In humans, this neoplasm develops commonly in the spinal cord and the fourth ventricle [16] , while in animals, the tumor occurs mainly within lateral ventricles, less often in the third or fourth ventricle, and rarely within the central canal of spinal cord [8] . In dogs, only 2 cases have been reported as anaplastic ependymoma in the CNS, one of which was originated from the central canal of lumbar segment [11, 13] . To our knowledge, anaplastic ependymoma originated from the central canal of the cervical spinal cord has not previously been reported in dogs. This paper describes clinical, radiographic, histopathologic and immunohistochemical features of a case of anaplastic ependymoma found in the spinal cervical segment in a dog.
An 8-year-old and 6-month-old female Maltese dog with an 8-day-history of anorexia and diarrhea was brought to a private veterinary hospital. Neurologic examination showed knuckling of the left anterior limb, loss of proprioception, and deficiency of pain response. Next day, the dog was brought to the Veterinary Teaching Hospital of Tottori University. At that time, the dog showed a stoop with rigidity of her cervix and back. At myelographic examination, the dorsal and ventral lines of contrast medium (iopamidol, JAPAN SCHERING) were not clearly observed in the subdural space forward to the cervical 5th (C5) level, which implied marked swelling of spinal parenchyma resulting in an obstruction of subdural spaces at the anterior levels from C6 ( Fig. 1 ). Six days later, the dog died and necropsied immediately after death.
At necropsy, a gray and brown-color mass replacing the central area of the spinal cord was found at the level from cervical 4th to 6th segments. The tumor mass showed expansive growth to the parenchyma of the spinal cord at the level of C5. Hemorrhagic and necrotic foci were scattered in the tumor mass ( Fig. 2 ). Spinal parenchyma of C6 segment was markedly swollen. Both sites of lateral ventricles, third ventricles and mesencephalic aqueducts were mildly dilated. No significant lesions were observed in other visceral organs, except for moderate edema in the lung. Tissue samples were taken from cervical spinal cord, liver, spleen, heart, kidney and lung, and fixed in neutral buffered 10% formalin for histological examination. They were then dehydrated, embedded in paraffin wax, sectioned at 3 µm and stained with hematoxylin and eosin (HE). Immunohistochemistry was performed with labeled streptavidin-biotin (LSAB) method. Rabbit antisera against human glial fibrillary acidic protein (GFAP, prediluted, Dako, Glostrup, Denmark), and mouse monoclonal antibodies against human epidermal keratin (cytokeratin AE1/AE3, 1:20, Dako, Carpinteria, CA) [2] and bovine vimentin (1:20, Chemicon, Temecula, CA) were used as primary antibodies. The reaction products were visualized using the peroxidase and 3,3'diaminobenzidine system. The sections were counterstained with methyl green or hematoxylin. A spinal cord of an 8-month-old dog was used as a control.
Histologically, the mass was composed of neoplastic ependymal cells with large necrotic foci (Fig. 3) . The neoplastic cells frequently showed solid or papillary-tubular pattern of growth and had cilia on the surface of the cells (Fig. 4 ). Infiltrative growth of the neoplastic cells was occasionally observed in the demarcated areas ( Fig. 5 ). The neoplastic cells have ovoid to spindle, deeply chromatic nuclei and indistinct eosinophilic cytoplasm. Also, the neoplastic cells showed apparent cellular atypism and many nuclear mitotic figures (Fig. 6) , and there was occasional formation of some ependymal rosettes (Fig. 7) . Around the neoplasm, marked degeneration and necrosis of neurons were seen. The vascular endothelial cells were markedly swollen. Immunohistochemically, the neoplastic cells were negative for GFAP, and slightly positive for vimentin and cytokeratin ( Fig. 8) , while the ependymal cells of the central canal was slightly positive for vimentin and negative for GFAP and cytokeratin in a control dog. Astrocytes were positive for GFAP and vimentin. No significant lesions were observed in the other organs, except for hepatocellular glycogen degeneration and pulmonary edema.
Myelographic examination in this case showed marked swelling of spinal cord, and mass lesions such as tumor, granuloma, hematoma or edema would be speculated as a differential diagnosis. Pathologic findings of the present case can be summarized as follows: 1) the cervical segments of the spinal cord exhibited tumor tissue replacing mainly the central area, 2) the neoplastic cells showed solid or papillary-tubular proliferation with some ependymal rosettes, and 3) the neoplastic cells showed extensive necrosis and focal infiltrative growth, together with moderate to marked atypism and many mitotic figures. Based on these findings, this tumor was diagnosed as anaplastic ependymoma [7] . Anaplastic ependymoma is a very rare neoplasm in animals [8, 12] and has been reported in two dogs, one occurred within the fourth ventricle [11] , and the other within the central canal of lumbar spinal cord [13] . Teuscher et al. [13] has described the first case report of anaplastic ependymomas of the spinal lumbar segments, which showed high cellularity of neoplastic cells, presence of anaplastic cell and many mitotic figures. In dogs, some cases of benign spinal ependymoma have been described [4, 5, 17, 18] , and the tumors tended to locate between thoracic and lumbar segments of the spinal cord. In this case, the tumor was located in cervical segment, which may be responsible for neurological signs such as knuckling of left anterior limb, loss of proprioception and deficiency of pain response.
The first differential diagnosis for the present case is anaplastic choroid plexus tumor. Canine choroid plexus tumor most commonly arise in the fourth ventricle [8, 12] , whereas this tumor tissue occurred in the cervical segments of the spinal cord. Ependymoma is histologically characeterized by ependymal rosette or vascular pseudorosette, while plexus tumor does not show these features [8, 12] . The second differential diagnosis is primitive neuroectodermal tumor (PNETs), excluding cerebellar origin and neuroblastoma [7] . These tumors have been known to form rosette without cilia, and not to show papillary-tubular growth pattern [8] . The present tumor exhibited papillarytubular growth pattern and apparently showed rosett structures, which are frequently associated with cilia on the surface of the cells. These findings enabled us to exclude a diagnosis of these embryonal tumors.
GFAP immunoreactivity of ependymoma has been reported to be positive in humans, cats, and horses [3, 6, 7] , but most canine ependymoma including this case were negative for GFAP [1, 14] . The reason for the negative finding for GFAP in canine cases is unknown. In the present case, immunoreactivity for vimentin was slightly positive, which was the same as findings reported in other animals [2, 6, 10, 12] . The immunoreactivity for cytokeratin was also slightly positive in the present case, while was negative in the control dog. Immnoreactivity for cytokeratin has also been described to be negative in humans and animals [1, 8, 12, 16] , but some reports have demonstrated that occasional cases of human ependymomas were positive for cytokeratin [9, 15] . The reason for the inconsistency of immunostaining for cytokeratin remains to be elucidated. Fig. 1 . Myelographic finding. The dorsal and ventral lines of contrast are not clearly observed in the space forward to the C5 and C6 levels (arrows). Fig. 2 . Gross findings of the cut surface of C4 to C6 segments. Gray and brown-color lesions replacing the central area of the spinal cord are found in the C4 and C5 segments. Spinal parenchyma of C6 segment is markedly swollen. Fig. 3 . The neoplastic cells show extensive necrosis (asterisk) and solid growth pattern. HE. × 185. Fig. 4 . The neoplastic cells show tubular pattern of growth and cilia on the surface of the cells (arrowheads). HE. × 368. Fig. 5 . In the demarcated area, infiltrative proliferation of the neoplastic cells is found (arrow). HE. × 185. Fig. 6 . The neoplastic cells show marked atypism and some mitotic figures (arrows). HE. × 368. Fig. 7 . The neoplastic cells show formation of an ependymal rosette (arrow). HE. × 560. Fig. 8 . The cytoplasms of neoplastic cells are slightly positive for cytokeratin (arrowheads). Immunostaining of cytokeratin. × 560.
